Abstract: The authors measured polychlorinated biphenyls (PCBs) and dichlorodiphenyl dichloroethene (DDE) in maternal serum, cord blood, placenta, and serial samples of breast milk from 868 women. Almost all samples of breast milk showed detectable levels of both chemicals. Overall, values for DDE in this study are within the range of those found previously, whereas those for PCBs are somewhat higher. Possible causes of variation in levels were investigated. For DDE, older women, Black women, cigarette smokers, and women who consumed sport fish during pregnancy had higher levels; only age and race showed large effects. For
Introduction
Persistent halogenated hydrocarbons have been used extensively in this country and are now widespread in the environment. This class of chemicals has produced major economic and public health benefits. Dichlorodiphenyl trichloroethane (DDT) was a widely used and effective pesticide from its introduction in the 1930s to its ban in 1972. 1 The polychlorinated biphenyls (PCBs), whose main uses were as nonflammable dielectrics in heavy electrical transformers, were also used as vehicles for pesticide application, as pigment suspension agents in carbonless copy paper, and as the dielectric in an assortment of small electronic parts. Until manufacture ceased in 1974, about eight million pounds of PCBs were made in the United States.2 Much of this was discarded with no thought to environmental impact. DDT was sprayed or applied directly into the environment in large quantities. These kinds of chemicals are not readily degraded in the environment, nor are they completely metabolized or excreted by organisms. Instead, they come into a steady state, bioconcentrate in the food chain, and produce lowlevel but ubiquitous contamination of human beings. There also have been incidents involving higher-dose exposures to PCBs,3 DDT,4 and other members ofthe class of halogenated hydrocarbons through accidents or improper disposal. Because of the amounts now in the environment, continued exposure to these chemicals for the next decades is certain in spite ofthe fact that many are no longer produced or being put into use.
Exposure to and consequent storage of these chemicals by human beings has been documented repeatedly. The chemicals are stored in fat, and thus are not excreted under physiological circumstances by human beings, except during lactation. Breast milk is about 3 per cent fat; this fat appears to be in approximate equilibrium with the body fat stores. Surveys of human milk from unselected and presumably non-occupationally exposed women in the United States and worldwide have shown widespread contamination by DDT and its metabolites, PCBs, and other chemicals like them. 5 The largest US survey was done in 19756; women were volunteers at a representative sample of US hospitals. Of 1,436 women tested for DDT, essentially all had p,p'-DDT and p,p'-DDE (dichlorodiphenyl dichloroethene, the metabolite most stable in tissue).7 PCBs were present in at least "trace" amounts in 99 per cent of 1,038 samples, and about one-fourth were above the Food and Drug Administration's "action level" (2.5 parts per million) at which a commercial food would have been removed from the market.8 '9 Since these breast milk analyses had been undertaken for purposes of monitoring exposure to and storage of persistent environmental chemicals, the studies did not include monitoring of morbidity in the children. Both PCBs and DDT are toxic, but data on their toxicity for human beings is sparse and limited to high-dose and mixed exposures.
There have now been two outbreaks of mass poisonings due to PCBs and the thermal degradation products that contaminate them as they are used; one, called Yusho (oil disease), was in Japan in 1968,10 and the other, called Yucheng, was in Taiwan in 1979."l The chemicals leaked into cooking oil during processing, and went undetected until the oil was analyzed chemically after the disease outbreaks. The principal sign of toxicity was chloracne, which is a highly cystic, relatively non-inflammatory acne-like rash. Children born to exposed mothers tended to be of low birthweight, to have hyperbilirubinemia, and to have pigmentation of the gingiva, nails, nose, and axillary and groin folds. 12 Few data are available on levels in breast milk; analytic sensitivity was not great in 1968, and patients in Taiwan were told not to breast-feed. One Japanese woman who was tested did not show remarkably high levels. ' Women were recruited into the study from hospital familiarization tours, from Lamaze classes, and from both private and public prenatal clinics. No attempt was made to assemble a random sample, and women interested in participation were disqualified only if they planned to move from the area within six months. At or near term, a questionnaire was administered to the mother. Breast milk, colostrum or formula (whatever the child was being fed) was collected, as well as blood from the mother, cord blood, and placenta. Initial follow-up visits took place at six weeks, three months, and six months postpartum. At each visit, formula or breast milk was collected. At the six-week visit, another blood sample was taken from the mother. Children were seen again at six-month intervals until age 2, and then yearly. Samples of breast milk were collected from women who continued to lactate. In some cases, an extra milk sample was taken at nine months although no regular visit was done at that time. is not general agreement on whether or how to adjust for it; we report simply the concentration found in the whole sample without adjustment. The fat content of milk varies considerably from woman to woman and also over the course of a feeding, with hind milk typically about 4 per cent fat and fore milk 1 per cent. We thus analyzed all milk samples separately for fat content, and report the values as "fat adjusted", i.e., as grams chemical per gram milk fat.
Statistical Methods
The chemical data were analyzed using analysis of variance techniques applied to the logarithms of the original data, since the distributions were substantially skewed to the right. Descriptive statistics such as means were also obtained on the log scale and then retransformed.
In some cases, the levels of chemicals were below the quantitation limit of the method. In order to account for these unquantifiable observations, techniques for censored data were employed. The percentiles presented in Tables 1 and 2 assumed that the chemical levels had a log normal distribution, estimated its parameters, and then used as an estimate the expected value conditional on being less than the quantitation limit). Second, levels were multiplied by a scale factor to make them all comparable to milk at birth. This scale factor is the median ratio of birth milk samples to the sample in question. It adjusts for the declining milk values over time and also for the fact that blood levels are substantially lower than milk levels. Third, all available levels were averaged. Because most of the PCB levels for cord blood and placenta were below the quantitation limits, the estimation in the first step could not be done reliably, and these two samples were not used for the PCB calculation. Four women whose only samples were cord blood and/or placenta thus have DDE levels but no PCB levels. This method allows comparisons involving as many women as possible using as much data as Forty-three per cent of the women were primiparous. Most (88 per cent) of the women breast-fed their study child to at least some extent. Of those who started on the breast, Levels of both chemicals were higher in milk than in serum, and higher in maternal serum than in placenta. To some extent, this represents a difference in fat content; our analyses show that milk usually has 1-6 per cent fat, while placenta has 1-1.5 per cent fat. Blood typically has about 0.5 per cent fat. For DDE, levels in cord blood are only about one-third of the levels in maternal blood at birth. For PCBs, levels in cord blood were almost always below the quantitation limit, but the samples that were quantifiable show the same relationship to maternal blood. This may simply be because cord blood has only one-third the fat,3 or it may indicate the existence of a placental barrier.
The correlations among the various samples taken from the same woman were quite high (Tables 3-4) . Correlations between milk samples taken at different times were about 0.7-0.8 for PCBs and 0.9 for DDE. The correlation between milk and blood taken at the same time was about 0.7 for PCBs and 0.8 for DDE. This indicates a. substantial degree of coherence in the body burden of these chemicals; a woman's value for one sample is a very good predictor of her value on another.
Relation of Chemical Levels to Characteristics of Mothers
Using the summary measure ofestimated amount in milk at birth, we found substantial racial differences in DDE levels, but not PCB levels. Table 5 shows the magnitude of the difference; almost half the Blacks had over 6 ppm (fat basis), while only 5 per cent of the Whites reached this level. PCBs show no racial difference. In spite of the fact that pregnant women come from a restricted age range, levels of both chemicals can be seen to increase with increasing Entbies shown are means and 95% confidence intervals, obtained by calculating means and standard devitions on the log scale, and transforming the results back to the original scale. Units are ppm (fat basis). Figures are based on the estimated amount in milk at birth. maternal age; the higher ages have about 30 per cent higher levels ( Table 6) .
Levels of both chemicals are lower in women who have breast-fed previously; PCB levels are about 12 per cent lower, while DDE levels are about 17 per cent lower. Analysis of variance shows that in addition to the effects of race, age, and prior breast-feeding, DDE levels show effects of smoking, with smokers having 15 per cent higher levels, occupation (Table 7) , and of consumption of sport fish during pregnancy, with fish-eaters having levels 14 per cent higher.
AJPH February 1986, Vol. 76, No. 2 PCB levels, in addition to the effects of age and prior breast-feeding, showed effects of occupation (Table 7) , prior pregnancies (with those with no prior pregnancies having levels 11 per cent higher), and alcohol (with women consuming at least one drink per week having 13 One of the more striking of our findings is the demonstration ofa substantial decline in the levels ofboth chemicals over the course of lactation. Jensen reviews three studies of serial samples for DDT which show declines similar to the one seen here. In addition, he cites many studies which find that levels are highest for the first child.5 For PCBs, Kodama and Ota showed a decline in blood levels over the course of lactation, but they saw an inconsistent pattern for milk. 35 Mes, et al, saw no trends over the course of lactation, but they studied only 16 women. 36 Our finding of a decline in levels over the course of lactation, coupled with the findings that previous breast-feeding is associated with lower chemical levels and that serial pregnancies in the study also show declines, is consistent with the quantitatively important excretion of chemicals by the mother, and consequent exposure of the child, over the course of lactation. Wickizer to be an important source of DDT. 45 In our data, we see an association with DDE but not with PCBs.
Overall, our data are consistent with the notion that general population exposure to PCBs and DDE is the result of widespread low-level contamination. The most likely source is low-level food contamination, but dermal absorption or lung absorption may play a role. The levels seen here and in other similar surveys are below those that we expect to be associated with overt toxicity in the mother. Our findings of clear declines with both current and prior breastfeeding indicate exposure of the child. For the infant, the PCB values at least are in a range that overlap exposures at which the most sensitive in vitro systems respond. Similar low-dose experiments have not been carried out for DDE.
